The polymerase chain reaction (PCR) was used to amplify a 760-base-pair (bp) fragment with the 220-kbp invasive plasmids of enteroinvasive Escherichia coli, ShigeUlaflexneri, Shigella dysenteriae, Shigella boydii, and Shigella sonnei as templates. This PCR product was easily detected by agarose gel electrophoresis. A 210-bp AccI-PstI fragment lying within the amplified region was used as a probe in Southern hybridization blots and showed that the PCR-generated product was derived from the invasive plasmid. The application of PCR as a rapid method to detect enteroinvasive bacteria in foods was tested by inoculating lettuce with 104 S. flexneni cells per g in shigella broth base. Plasmid DNA was isolated from cultures of inoculated and uninoculated lettuce in broth after 0, 4, and 24 h of incubation. With the PCR, the 760-bp fragment was generated only from lettuce inoculated with S. flexneri, as shown by gel electrophoresis and confirmed both by Southern blotting and by nucleotide sequencing of the amplified region. Because the isolation of plasmid DNA, the performance of PCR, and gel electrophoresis all can be completed in 6 to 7 h, invasive enteric bacteria can be detected in less than 1 day.
Invasive Shigella species have been implicated in a number of recent outbreaks of food-borne disease (4) , which are usually confirmed by clinical isolates before the contaminated food is found. In isolating and identifying these microorganisms from foods, several factors should be considered. Biochemical tests may not distinguish Shigella spp. from Escherichia coli, making it difficult to confirm the causative agent. Also, the number of shigellae present in the contaminated food may be low, affecting the ability of the shigellae to compete with the microflora of the food during selective enrichments.
Although colony hybridization (7) is useful for the detection of food-borne bacterial pathogens (9) , concentrated homogenates must be plated on selective agar to allow target microorganisms to grow. Because enteroinvasive E. coli (EIEC) and Shigella spp. maintain some genetic information for virulence factors on a 220-kilobase-pair (kbp) plasmid (8, 23, 29) , loss of the plasmid will result in noninvasive bacteria. Such strains would test negative in gene probe hybridization assays for plasmid-encoded virulence determinants. These difficulties (plasmid curing and low cell numbers) have led to a search for an alternative method to identify foods contaminated with invasive Shigella spp.
The polymerase chain reaction (PCR) (20, 21) provides a way of overcoming some of these difficulties. The selective and automated in vitro replication of a specified region of a known virulence gene can reveal the presence of a potentially pathogenic microorganism. This amplified DNA can be identified by (26) .
Primer synthesis and purification. Oligodeoxyribonucleotides were constructed by using a synthesizer (380B; Applied Biosystems, Foster City, Calif.). The instructions of the manufacturer were followed for synthesis, and completed oligomers were cleaved from the support by treatment with concentrated NH40H for 1.5 h. The reaction mixture was heated for 10 h at 55°C, and 1 ml of H20 was then added to the trityl-DNA. Oligomers were purified by using an oligonucleotide purification cartridge (Applied Biosystems).
PCR conditions. Reactions were conducted by using a DNA amplification kit (GeneAmp; The Perkin-Elmer-Cetus, Corp., Norwalk, Conn.) as recommended by the manufacturer, with the following exceptions. All reactions were carried out by using 30 cycles, each consisting of 1 min at 94°C, 1.5 to 2.0 min at 55 to 65°C, and 1.5 to 2.0 min at 72°C. For primers KL1 and KL8, 10 pmol of DNA per reaction and 1.0 mM magnesium were used. The amount of template DNA added was usually between 1 and 5 ng of total DNA (3 to 15 pg of the target region when purified plasmid DNA was used). Plasmid isolation. Total plasmid DNA was isolated from 1 ml of overnight cultures of enteroinvasive enteric bacteria grown in Luria-Bertani broth at 37°C or from 1 ml of the sample food (lettuce) by a modified alkaline denaturation protocol (1) . DNAs were stored in distilled H20 at 4°C until needed.
Materials. Restriction endonucleases, T4 kinase, and a random primer kit were purchased from Bethesda Research Laboratories, Inc. (Gaithersburg, Md.) and used according to the instructions of the manufacturer. Taq DNA polymerase was obtained from Perkin-Elmer-Cetus. A Sequenase version 2.0 kit was purchased from U.S. Biochemicals (Cleveland, Ohio). Radioisotopes were obtained from ICN Radiochemicals (Irvine, Calif.).
Electrophoresis. Gels were composed of 1% agarose (Bethesda Research Laboratories) in lx TBE buffer (14) and 100 ng of ethidium bromide per ml (Sigma Chemical Co., St.
Louis, Mo.). A 20-pul sample of each mixture was loaded, and the gels were run for 1 h at 150 V. Total plasmid DNA was separated by electrophoresis under the same conditions but for 3 h.
Lettuce seeding. Lettuce (25 g) was aseptically added to a 500-ml Erlenmeyer flask containing 225 ml of Shigella broth (15) without novobiocin. An overnight S. flexneri 270 culture was diluted and added to the broth to yield a final concentration of approximately 104 cells per ml and incubated at 37°C with shaking (75 rpm). A similar sample with 25 g of lettuce was incubated as described above but was not inoculated with S;fflexneri. At 0, 4, and 24 h, 10 ml of broth was removed, diluted, and plated onto MacConkey and Trypticase soy agar (BBL Microbiology Systems, Cockeysville, Md.) plates and incubated at 37°C overnight. Colonies from each plate were blotted on no. 541 filter papers (What' man, Inc., Clifton, N.J.) (13) and prepared for colony hybridizations by denaturing the DNA in 2 ml of 0.5 N NaOH for 7 min and then washing the filters twice for 2 min each with 2 ml of 1.0 M Tris hydrochloride (pH 7.4), and once for 2 min with 2 ml of 1.0 M Tris hydrochloride (pH 7.4)-1.5 M NaCl. The filters were allowed to air dry.
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At each time point, 1.0 ml from each broth culture was removed and centrifuged at 6,000 x g for 30 s. Total plasmid DNA was isolated by using an alkaline denaturation protocol (1) .
DNA labeling. Oligonucleotides were end labeled by the procedure of Maniatis et al. (14) .
Colony hybridizations. Labeled probe KL1 was hybridized against DNAs from bacterial colonies fixed to Whatman no. 541 filter paper. Hybridizations were conducted as described by Hill et al. (12) but with no preincubation of filters. After hybridization overnight (20 to 24 h), filters were washed twice in 6x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate) at 54°C, dried, and exposed to X-ray film at -700C.
Southern blots. DNAs were transferred from agarose gels to nitrocellulose supports by using alkaline denaturation and capillary action (5) . Hybridization was carried out as described by Hill and Payne (11) . After overnight incubation with about 106 cpm of 32P-labeled probe (KL1 or 210-bp AccI-PstI fragment) at 37°C in 50% formamide and 6x SSC, the nitrocellulose sheets were washed for 5 min at room temperature in 2x SSC-0.1% sodium dodecyl sulfate. Next, the sheets were washed twice for 20 min each time in 0.1 x SSC, 0.1% sodium dodecyl sulfate at 540C, and dried; X-ray film was exposed at -700C for 24 h. RESULTS PCR-generated fragments from enteroinvasive enteric bacteria. Figure 1 shows a partial restriction map of the 2.5-kbp Hindlll fragment from the 220-kbp invasive plasmid of EIEC and S. flexneri. The location of the PCR oligodeoxyribonucleotide primers and probes and the region amplified are indicated. Plasmids isolated from EIEC and Shigella spp. were subjected to PCR, and the products were analyzed by agarose gel electrophoresis ( Fig. 2A) . DNAs transferred to nitrocellulose filter paper were hybridized against the 210-bp AccI-PstI probe (Fig. 2B) isolated from pIG500. Those strains that carry the invasive plasmid generated the expected 760-bp fragment hybridized to the internal probe. The avirulent strain, S. flexneri 354, does not carry the template plasmid DNA for PCR and therefore did not produce the 760-bp fragment. The 210-bp probe hybridized to the 0.5-kbp PstI-HindIII fragment of pIG500 (Fig. 2B) .
Lettuce seeded with S.flexneri. Two flasks of Shigella broth (225 ml) with At 0, 4, and 24 h, samples (1.0 ml) were removed from both flasks. Total plasmid DNAs were isolated and subjected to PCR. The amplified products were initially examined by gel electrophoresis to determine if the 760-bp segment was generated (Fig. 3A) . To confirm further that the fragment of this size was actually DNA derived from the 2.5-kb HindlIl region of the invasive plasmid, these DNAs were hybridized against the 210-bp AccI-PstI fragment that is within the expected amplified product. The DNA generated from the lettuce inoculated with S. flexneri was 760 bp long and did hybridize to the 210-bp AccI-PstI probe (Fig. 3B) . To obtain additional evidence, the PCR-generated fragment was subjected to digestion with PstI. The PstI site lies near the middle of the generated PCR product (Fig. 1) . Upon digestion with PstI, the DNA was cut into two fragments of the expected sizes, 360 and 400 bp, as seen by gel electrophoresis through a 1% agarose gel (data not shown). The 760-bp 4, and 6 ) and S. flexneriseeded (lanes 3, 5, and 7) lettuce at 0, 4, and 24 h, respectively. numbers in foods. For these methods, cells are usually grown in broth for up to 24 h, and shigellae may therefore be overgrown by the indigenous microflora.
DNA probes have been targeted against the large invasive plasmid of enteroinvasive bacteria (25, 28, 30 (27) studied the recovery of heat-injured shigellae on various selective media containing Desoxycholate (BBL) and bile salts and reported that these injured cells may not always be cultivated.
Two other parameters need to be explored. In lettuce seeded with shigellae, the lowest number of bacteria that can be used to successfully amplify the 760-bp region must be dettrmined. Another limiting factor is the isolation of plasmids from a low number of seeded bacteria.
In lettuce seeded with 104 invasive S. flexneri cells per g, a positive result was obtained immediately after inoculation and a stronger reaction product was obtained after 4 h of incubation. This assay, performed by using PCR followed by gel electrophoresis, required less than 1 day and involved no radioactivity.
